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APPENDIX 1 

Changes to Abstract: 

The following is a marked-up version of the amended Abstract. 

ABSTRACT OF THE DISCLOSURE 
A hybrid drive apparatus comprises includes T an engine-^f a first electric motor-(3) 

for generating aa-electric power by using at least a portion of its output and for controlling 

the speed of the engin e 1 by motoring; and a control unit-(U) for controlling the engine and 

the first electric motor. The control unit-{U) performs a prepositioning control for positioning 

the engine being fuel-cut to a predetermined cranking start position such as a constant crank 

angle position or a constant cranking load position by the motoring of the first electric motor. 

As a result, the engine can always be started under identical conditions, and the torque 

vibrations to be outputted to a wheel have identical waveforms so that a simple torque 

correction can be made by outputting corresponding waveform data. 

Changes to Specification: 

A Substitute Specification is attached in accordance with 37 C.F.R. 1.125(b)(2). 
Changes to Claims: 

The following is a marked-up version of the amended claims: 

1 . (Amended) A drive apparatus,, comprising: 

a first electric moto r (2) for motoring to raise that raises an engine-(4) to a 
speed for an ignition; and 

a control unit-{U) for controlling said-the engine and thesaid first electric 
motor, charact e rized wherein 

in that said the control unit mak es a performs prepositioning control for 

controlling the first electric motor with a torque output so that the engine being stopped to run 
may b eis positioned at a predetermined crank-shaft position when stopped . 

2. (Amended) A^The drive unit as set forth in Claim c laim 1. charact e rized: 

A-l 
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in that said wherein the control unit causes the first electric motor to output a 



torque short of a torque necessary for running the engine continuously. 

3. (Amended) A-The drive unit as set forth in Claim claim 2, charact e riz e d: 

in that said wherein the control unit causes the first electric motor to output an 

arbitrary constant torque. 

4. (Amended) A - The drive unit as set forth in Claim c laim 3. characterized: 

in that said wherein the control unit causes said- the constant torque to be 

outputted only for a predetermined time. 

5. (Amended) A^The drive unit as set forth in Claim claim 4, furth e r comprising: 
first crank-shaft position detecting means for detecting the crank-shaft 

position, charact e riz e d: 

in that said wherein the control unit makes said- the p redetermined time 

variable according to the-adifference between a present crank-shaft position and said -the 
predetermined crank-shaft position. 

6. (Amended) Ar The drive unit as set forth in Claim claim 1 , furth e r comprising: 
second crank-shaft position detecting means for detecting said the 

predetermined crank-shaft position, charact e riz e d: 

in that said wherein the control unit causes the first electric motor to output a 

torque titi -until t he-a crank-shaft is positioned at said -the p redetermined crank-shaft position. 

7. (Amended) A -The drive unit as set forth in Claim claim 6, characterized: 

in that said wherein the control unit causes the first electric motor to output a 

variable torque. 

8. (Amended) i VThe drive unit as set forth in Claim claim 7, further comprising: 
first crank-shaft position detecting means for detecting the-acrank-shaft 

position, charact e rized: 
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in that said wherein the control unit causes said- the variable torque to be 

outputted according to the-a^difference between a present crank-shaft position and said the 
predetermined crank-shaft position. 

9. (Amended) A^The drive unit as set forth in Claim claim 8, charact e riz e d: 

in that said wherein the control unit has a variable torque map predetermined 

according to the difference said -between the p resent crank-shaft position and thesakl 
predetermined crank-shaft position. 

10. (Twice Amended) A^ The drive unit as set forth in €tekn--claim^8 T 
charact e riz e d: 

in that said wherein the variable torque is a torque along the cranking torque of 

the engine. 

1 1 . (Twice Amended) A-The drive unit as set forth in Claim claim 1 , 
charact e riz e d: 

in that said wherein the predetermined crank-shaft position is the position at 

which th e a highest cranking torque position for e £the engine is the highest . 

12. (Twice Amended) A ^ The drive unit as set forth in Claim claim 1 , further 
comprising: 

a second electric motor-(3), characterized: 

m-fchat -wherein the engine, the first electric motor and the second electric 

motor are mechanically connected to a wheel (9)~and 

in that said the control unit controls the second electric motor so as to absorb 

the-a_fluctuation in the torque to be outputted to the wheel during said -the p repositioning 
control. 

1 3 . (Amended) A rThe drive unit as set forth in Claim claim 1 2, characterized: 



A-3 



• V 9S «.Q | W3jSi i 02 
Docket No. 1 12061 Application No. 10/069,395 



in that said wherein the control unit calculates the fluctuation of the-atorque to 

be outputted to said- the wheeU from the-a_torque outputted by the first electric motor. 

14. (Amended) A - The drive unit as set forth in Claim claim 12, charact e rized: 

in that said wherein the control unit controls the second electric motor on the 

basis of a first torque correction map predetermined according to said-thejsrepositioning 
control. 

15. (Amended) A /The drive unit as set forth in €teimhclaim_14, charact e riz e d: 

in that said wherein the control unit causes said- the first electric motor and 

thesaid second electric motor to output torques simultaneously. 

16. (Twice Amended) A^The drive unit as set forth in Claim claim 1 , 
charact e riz e d: 

in that said wherein the control unit executes said -the p repositioning control 

prior to the motoring raising of the engine to the speed for the ignition . 

17. (Amended) A ^ The drive unit as set forth in Claim claim 16, charact e riz e d: 

in that said wherein the control unit controls the-a_speed of the first electric 

motor at thea motoring time when the engine is raised to the ignition speed for the ignition . 

18. (Amended) A ^ The drive unit as set forth in Claim claim 16, charact e riz e d: 

in that said wherein the control unit controls the-ajorque of the first electric 

motor at the motoring time when the engine is raised to the speed for the ignition . 

1 9. (Amended) A r -The drive unit as set forth in Claim claim 18, characterized: 

in that said wherein the control unit controls the torque of the first electric 

motor on the basis of a predetermined map. 

20. (Twice Amended) A -The drive unit as set forth in Claim claim 16, 
charact e riz e d: 
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in that said wherein the control unit controls the second electric motor so as to 

absorb the-atorque fluctuation to be outputted to the-awheel at the motoring time when the 
engine is raised to the speed for the ignition . 

2 1 . (Amended) A -The drive unit as set forth in Claim claim 20. characteriz e d: 

in that said wherein the control unit calculates the fluctuation of the-atorque to 

be outputted to said-the wheels from the-atorque outputted by the first electric motor. 

22. (Amended) A^The drive unit as set forth in Claim claim 20, characteriz e d: 

in that said wherein the control unit controls said -the second electric motor on 

the basis of a second correction map predetermined according to the motoring raising of the 
speed of the en gine for the ignition . 

23. (Twice Amended) A-The drive unit as set forth in Claim claim 20. 
characterized: 

in that said wherein the control unit further controls the second electric motor 

on the basis of a third torque correction map predetermined according to the-acrank-shaft 
position of the engine. 

24. (Twice Amended) A^The drive unit as set forth in Claim claim 22, 
characterized: 

in that said wherein the control unit causes said-the first electric motor and said- 

the second electric motor to output torques simultaneously. 

25. (Twice Amended) A^The drive unit as set forth in C laim claim 16. 
charact e riz e d: 

in that said wherein the control unit makes said -the p repositioning control if the 

drive demand of the-a_driver is no more than a predetermined value. 

26. _ (Twice Amended) A /The drive unit as set forth in Claim-claim, 1 , . . . _ 
characterized: 
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in that said wherein the control unit executes said- the prepositioning control 

subsequent to the engine running stop being stopped which is caused by lowering the-an 
engine rm -speed forcibly by a generator after a fuel cut. 

27. (Amended) A^The drive unit as set forth in Claim claim 26. charact e rized: 

in that said wherein the control unit controls the second electric motor so as to 

absorb the-a_fluctuation of the torque to be outputted to tfee-a_wheel while said -the engine 
ran speed being-is forcibly lowered. 

28. (Twice Amended) A^ The drive unit as set forth in Claim c laim 1 , further 
comprising: 

a one-way clutch-(8) for blocking the-areverse ru nning of the engine. 

29. (Amended) A drive apparatus^ comprising: 

a first electric motor-(2) for motoring to rais e that raises an engine-^ to a 
speed for an ignition; and 

a control unit-(U) for controlling said -the engine and said- the first electric 
motor, charact e rized: 

in that said wherein the control unit controls the first electric motor so that the 

cranking torque during the motoring may be a predetermined torque. 
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ABSTRACT OF THE DISCLOSURE 
A hybrid drive apparatus includes an engine, a first electric motor for generating 

electric power by using at least a portion of its output and for controlling the speed of the 

engine and a control unit for controlling the engine and the first electric motor. The control 

unit performs a prepositioning control for positioning the engine being fuel-cut to a 

predetermined cranking start position such as a constant crank angle position or a constant 

cranking load position by the motoring of the first electric motor. As a result, the engine can 

always be started under identical conditions, and the torque vibrations to be outputted to a 

wheel have identical waveforms so that a simple torque correction can be made by outputting 

corresponding waveform data 




DRIVE APPARATUS 
BACKGROUND OF THE INVENTION 

1. Field of Invention 

[0001] The present invention relates to a drive apparatus having an engine and an 
electric motor and, more particularly, to an engine start control for the apparatus. 

2. Description of Related Art 

[0002] In a hybrid drive apparatus using an engine (or a combustion engine) and an 
electric motor together as its power source, when the engine bein^fuel-cut is restarted while 
the vehicle is running, the cranking load of the engine affects the motor torque to be 
outputted to a wheel. g so that Thus, a relatively high cranking shock is caused by the 
fluctuation in the drive torque. As a technique of the prief -related art for reducing this 
cranking shock, therefore, there is a technique disclosed in Japanese Patent Laid-Open No. 
82332/1998. In this prieg- related art technique, there is adopted a method for reducing the 
cranking torque of the engine. When the engine is motored and started by a motor coupled ? } 
mechanically to the crank-shaft through a damper, the opening/closing timings of an intake 
valve of the engine are delayed to reduce the effective compression ratio of the engine so that 
the engine may be smoothly rotationally driven smoothly to reduce the amplitude of the 
torsional vibration of the crank- shaft and to quickly pass the rotational range in which the 
resonant phenomenon occurs. 

[0003] Here, the crank angle at the engine stop time does not fall at an identical 
position but always disperses every times . Depending upon this difference in the engine stop 
position, the rise in the engine speed may be delayed at the initial stage of the engine start and 
may fail to quickly p ass the rotational range of the resonance phenomenon quickly . Even if 
the cranking torque is effectively reduced, moreover, the torque fluctuation to be transmitted 
to the wheel at the engine starting time is different due to the difference in the engine stop 
position so that the inexpensive feedforward control for correcting the torque fluctuation 
cannot be made on the basis of the simple correction waveform data. In order to absorb this 
torque fluctuation effectively, it is necessary to always add different torque corrections-eveiy- 
tim e s . This torque corrections requires a complicated feedback control. 

SUMMARY OF THE INVENTION 



[0004] Therefore, a first object of the pr e sent invention is to raises the engine speed 
quickly at the beginning of the engine starting time s tet-to quickly p ass the rotational range 
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of the resonance phenomenon quickly . Next, a se cond object of th e The pre se nt invention is- 
te -also p rovides a drive apparatus which is enabled to correct the output torque fluctuation at 
the engine starting time by an inexpensively realizable feedforward control or a simple 
feedback control thereby to reduce the cranking shock. 

SUMMARY OF THE INVENTION 

[0005] In ord e r to To achieve the abov e sp e cifi e d objects, according to the pr e s e nt 
inv e ntion foregoing , there is provided a drive apparatus comprisingr an engine, a first electric 
motor for motoring to rais e that raises an engine to a speed for an ignition; and a control unit 
for controlling said that controls the engine and said-the first electric motor, characteriz e d: in 
that said wherein the control unit makes a prepositioning control for controlling the first 
electric motor with a torque output so that the engine being stopped to am may be positioned 
at a predetermined crank-shaft position. (Claim 1) 

[0006] In the aforementioned construction, the engine being fuel-cut is positioned at 
the predetermined cranking start position by the torque output of the first electric motor so 
that the engine start can always be always effected under the-identical conditions by the 
motoring of the first electric motor. As a result, the torque vibration to be thea-outputted to 
the wheel has an identical waveform to make the correction of the drive torque possible for 
absorbing the torque vibration by the simple control such as the feedforward control to output 
the corresponding waveform data. 

[0007] In the aforementioned construction, sai4 -the control unit can cause the first 
electric motor to output a torque short of a torque necessary for running the engine 
continuously. (Claim 2) 

[0008] — In th e afor e m e ntion e d construction, said The control unit can also cause the 

first electric motor to output an arbitrary constant torque. (Claim 3) 

[000£] — In the aforementioned construction, altematively Alternativelv , sakJ-the_ 

control unit can also cause said -the constant torque to be outputted only for a predetermined 
time. (Claim 4 ) 

[0010] In the aforementioned construction, it is effective to adopt a construction 
which further comprises afirst crank-shaft position detecting mean s d evice for detecting the 
crank-shaft position, and in which said -the control unit makes said -the p redetermined time 
variable according to the difference between a. present crank-shaft position and said-the 
predetermined crank-shaft position. (Claim 5) 

[0011] — N e xt, in the afor e mentioned construction, it IHs also effective to adopt a 

construction which further comprises a^second crank-shaft position detecting mean s device 
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for detecting said- the p redetermined crank-shaft position, and in which said -the control unit 
causes the first electric motor to output a torque &H~ until the crank-shaft is positioned at said- 
the p redetermined crank-shaft position. (Claim 6) 

[0012] — In th e aforementioned constmction, said The control unit can also cause the 

first electric motor to output a variable torque. (Claim 7) 

[0013] In the aforementioned construction, it is possible to adopt a construction 
which further comprises a_first crank-shaft position detecting means device for detecting the 
crank-shaft position, and in which said- the control unit can cause said- the variable torque to 
be outputted according to the difference between a present crank-shaft position and said -the 
predetermined crank-shaft position. (Claim 8) 

[0014] In the aforementioned construction, said -the control unit can have a variable 
torque map predetermined according to the difference between s aid-the present crank-shaft 
position and said -the p redetermined crank-shaft position. (Claim 9) 

[0015] — In the aforemention e d construction, it Itjs also effective that said the 

variable torque is a torque along the cranking torque of the engine. (Claim 10) 

[G&WH — In th e aforem e ntion e d construction, moreover Moreover , it is also effective 

that said -the p redetermined crank-shaft position is the position at which the cranking torque 
of the engine is the highest. 

[0017] In this construction, at the time of the engine start after the crank-shaft 
position control, the cranking speed can be promptly raised from the initial time of the 
motoring thereby to pass the rotational range of the resonance phenomenon quickly. (Claim 
«>- 

[0018] In the aforementioned construction, moreover, it is effective to adopt a 
construction which further comprises a second electric motor, in which the engine, the first 
electric motor and the second electric motor are mechanically connected to a wheel, and in 
which said- the control unit controls the second electric motor so as to absorb the fluctuation 
in the torque to be outputted to the wheel during said prepositioning control. (Claim 12) 

[OOl*] — In this construction, the driving force fluctuation in the crank-shaft position 

control can be corrected by the second electric motor thereby to prevent the physical feeling 
of the driver from being deteriorated by the crank-shaft position control. 

[0020] — In the aforemention e d construction, said The control unit can also calculate 

the fluctuation of the torque to be outputted to said-the wheel, from the torque outputted by 
the first electric motor. (Claim 13) 
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[0021] — In the aforem e ntioned construction, alternativ e ly Alternativelv , said- the 

control unit can also control the second electric motor on the basis of a first torque correction 
map predetermined according to said- the p repositioning control. (Claim 11) 

[0022] — In the aforem e ntioned con s truction, moreover Moreover , said- the control unit 

can also cause said -the first electric motor and said -the second electric motor to output 
torques simultaneously. (Claim 15) 

[0023] Next, in the aforementioned construction, said- the control unit can execute 
said -the p repositioning control prior to the motoring. (Claim 1 6) 

[002 4 ] — In this construction, the crank-shaft position control is made prior to the start 

of the engine so that the cranking stent position at the engine start can be warranted to b e 
constant. 

[0025] — In the aforementioned construction, said The control unit can also control 

the speed of the first electric motor at the motoring time time when the engine is raised to the 
speed for the ignition . (Claim 17) 

[0026] — In the aforementioned construction, alt e rnatively Alternatively , said -the 

control unit can also control the torque of the first electric motor at the motoring time time 
when the engine is raised to the speed for the ignition . (Claim 1.8) 

[0027] — In this case, said -the control unit can control the torque of the first electric 

motor on the basis of a predetermined map. (Claim 19) 

[0028] In any of the aforementioned constructions, it is effective to make a 
construction in which said -the control unit controls the second electric motor so as to absorb 
the torque fluctuation to be outputted to the wheel at the motoring time time when the engine 
is raised to the speed for the ignition . (Claim 20) 

[0029] — In this construction, the driving force fluctuation during the engine start can 

be corrected by the second electric motor so that the torque oscillation by the cranking at the 
engine starting time can be offset to prevent the deterioration of the physical feeling of the 
driver. 

f0030] — In this case, it is possible to adopt a construction in which said-the control 

unit calculates the fluctuation of the torque to be outputted to said- the wheel, from the torque 
outputted by the first electric motor. (Claim 21) 

[0031] — In the aforementioned construction, said- the control unit can control said -the 

second electric motor on the basis of a second correction map predetermined according to the- 
motoring time when the speed is raised to the speed of the ignition . (Claim 22) 
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[0032] — In this construction, the fluctuation in the motive power to be outputted to 

the wheel is always constant so that the cranking shock at the engine starting time can be 
reduced at a low cost by mapping the torque to be corrected in the second electric motor, 
without requiring the processor capable of calculating the fluctuation of the motive power at a 
high speed. 

[0033] In the aforementioned construction, it is also possible to adopt a construction 
in which said -the control unit further controls the second electric motor on the basis of a third 
torque correction map predetermined according to the crank-shaft position of the engine. 
(Claim 23) 

[003 4 ] — In the aforementioned construction, said -the control unit can cause said- the 

first electric motor and said- the second electric motor to output torques simultaneously. 

(Claim 2 1 ) 

[0035] In any of the constructions for the crank-shaft position control, it is effective 
that said control unit makes said prepositioning control if the drive demand of the driver is no 
more than a predetermined value. (Claim 25) 

[0036] — In this construction, when the drive demand is ne -not less than the 

predetermined value, the time for rotating the engine to the cranking position before the start 
can be shortened by taking the engine start preferentially, so that the engine an- can be quickly 
started. 

[0037] In any of the aforementioned constructions, on the other hand, it is effective 
to adopt a construction in which said -the control unit executes said prepositioning control 
subsequent to the engine running stop which is caused by lowering the engine run forcibly by 
a generator after a fuel cut. (Claim 26) 

[0038] — In this construction, the crank-shaft position control is made subsequent to 

the engine stop, so that necessary torque fluctuation at that time can be continuously followed 
by the torque fluctuation at the engine position control thereby to eliminate the physical 
disorder of the crank-shaft position control, as might otherwise be given to the driver. 

[0039] — In this case, it is effective to adopt a construction in which said -the control 

unit controls the second electric motor so as to absorb the fluctuation of the torque to be 
outputted to the wheel while said -the engine run isbeing forcibly lowered. (Claim 27) 
[0040] In any of the aforementioned constructions, it is al so effective that the 
construction further comprises a one-way clutch for blocking the reverse run of the engine. 
(Claim 28) 



[00 4 1] — In this construction, the engine can be held at a position, when it is turn to a 

predetermined rotational load position, by the one-way clutch. Even in case the drive 
demand of the driver changes just after the engine stop, the crank-shaft position control can 
be made at an arbitrary timing. Moreover, the torque need not be continuously applied by the 
first electric motor so as to hold the engine at the cranking position, so that the excessive 
power consumption can be prevented. 

[0042] Next, according to the pr e s e nt invention, there is provided a drive apparatus 
comprising^ a first electric motor for motoring t hat te-raises an engine to a speed for an 
ignition- and a control unit for controlling smd- the engine and said- the first electric motor, 
characterized: wherein in that said the control unit controls the first electric motor with a 
torque output so that the cranking torque during the motoring may be a predetermined torque. 
(Claim 29) 

[0043] In this construction, at the engine starting time, the cranking is done with a 
constant torque output of the first electric motor so that the torque vibration to be then 
outputted to the wheel can have identical waveforms, to correct the drive torque for absorbing 
the torque vibration by the simple control such as the feedforward control to output the 
corresponding waveform data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0044] Preferred embodiments of the invention will be described hereinafter in 
detail with reference to the drawings. 

Fig. 1 is a skeleton diagram of a gear train of a hybrid drive apparatus according to an 
application of the present invention; 

Fig. 2 is a velocity diagram of a planetary gear set of the hybrid drive apparatus; 

Fig. 3 is a torque diagram of the planetary gear set of the hybrid drive apparatus; 

Fig. 4 is a system construction diagram of a control line of the hybrid drive apparatus; 

Fig. 5 is a flow chart of a first half of a main routine of a control unit; 

Fig. 6 is a flow chart of a second half of the main routine of the control unit; 

Fig. 7 is a vehicle demand torque map; 

Fig. 8 is an engine target running state map; 

Fig. 9 is an engine running range map; 

Fig. 10 is a flow chart of an abrupt acceleration control routine; 

Fig. 1 1 is a flow chart of a drive motor control routine; 

Fig. 12 is a flow chart of a generator torque control routine; 

Fig. 13 is a flow chart of a generator speed control routine; 



Fig. 14 is a flow chart of a generator brake ON control routine; 

Fig. 15 is a flow chart of a generator brake OFF control routine; 

Fig. 16 is a flow chart of an engine stop control routine; 

Fig. 17 is a flow chart of an engine start control routine; 

Fig. 18 is an engine cranking torque characteristic diagram; 

Fig. 19 is a time cart of a prepositioning control in an engine start control of a first 

embodiment; 

Fig. 20 is a flow chart of the prepositioning control routine; 

Fig. 21 is a flow chart of a fluctuating torque negating control routine; 

Fig. 22 is a torque correction map; 

Fig. 23 is a flow chart of a prepositioning control routine of a second embodiment; 

Fig. 24 is a schematic diagram of a detector of a sensor to be used for detecting a 

crank-shaft position; 

Fig. 25 is a schematic diagram showing a detector of another type; 

Fig. 26 is a flow chart of a prepositioning control routine of a third embodiment; 

Fig. 27 is a crank-shaft positioning determining map; 

Fig. 28 is a flow chart of a prepositioning control routine of a fourth embodiment; 

Fig. 29 present s is_a variable torque map and a torque correction map to be used- 

therein in Fig. 29 ; 

Fig. 30 is a flow chart of an engine start control routine of a fifth embodiment; 

Fig. 3 1 is a flow chart of a fluctuating torque negating control routine; 

Fig. 32 is a torque map to be used th e r e in in Figs. 30 and 31 ; 

Fig. 33 is a flow chart of another fluctuating torque negating control routine; 

Fig. 34 is a torque map to be used ther e in in Fig. 33 ; 

Fig. 35 is another torque map; 

Fig. 36 is a flow chart of still another fluctuating torque negating control routine; 

Fig. 37 is a torque map to be used therein in Fig. 36 ; 

Fig. 38 is a flow chart of an engine start control routine of a sixth embodiment; 

Fig. 39 is a time chart of a prepositioning control in an engine stop control of a 

seventh embodiment; 

Fig. 40 is a flow chart of the engine start control routine; 

Fig. 41 is a time chart of an engine start of the ^fief -related art; 

Fig. 42 is a time chart of a prepositioning control at an engine starting time according 

to the present invention; and 
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Fig. 43 is a time chart of a prepositioning control at an engine stopping time according 

to the pre s ent invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
[0045] Embodiments of the pre se nt invention will be described with reference to 
the drawings. 
(Gear Train) 

[0046] First of all, Fig. 1 shows one example of a gear train construction of a hybrid 
drive apparatus, to which the pr es ent invention is applied, in a skeleton diagram. This The 
apparatus comprises the following components:, as its major ones: an engine lf a a first 
electric motor (as will be called the "generator") 2 for generating an electric power by using 
at least a portion of the output of the engine 1 and for motoring to rais e raising the engine 1 to 
a speed for an ignitionf. a three-element planetary gear set (as will be called the "planetary") 
6f a a generator brake 7 for stopping the rotation of the generator 2f A a one-way clutch 8 for 
preventing the reverse rotation of the engine 1 j 2 and a second electric motor (as will be called 
the "drive motor") 3_controlled to set the motiv e power to be outputted to a wheel 9 to a 
desired value by using the generated electric power or stored electric power of the generator 
2. 

[0047] This gear train will be described in more detail. Ttris- The drive apparatus is 
of given a four-axis construction of axes parallel to one another, of which: an engine axis 
carries the engine 1, the generator 2 and the planetary 6; the motor axis carries the drive 
motor 3; the counter axis carries a counter gear mechanism 4; and the diff axis carries a 
differential unit 5. Moreover, the engine 1 and the generator 2 are drivingly connected to 
each other through the planetary 6 and to the counter gear mechanism 4 through the planetary 
6, and the divedrive motor 3 and the differential unit 5 are drivingly connected directly to the 
counter gear mechanism 4. 

[0048] The planetary 6 is given a simple planetary construction including: a sun 
gear 61; a carrier 63 for supporting a pinion 64 circumscribed to rotatablv mesh with the sun 
gear 61 , rotatably ; and a ring gear 62 inscribed to mesh with the pinion 64. 

[0049] The engine 1 is drivingly connected to the generator 2 and the counter gear 
mechanism 4 by connecting an engine output shaft 10, as connected to its crank-shaft through 
a fly wheel damper, to the carrier 63 of the planetary 6. The generator 2 is drivingly 
connected to the engine 1 and the counter gear mechanism 4 by connecting its rotor shaft 20 
to the sun gear 61 of the planetary 6. Moreover, the ring gear 62 of the planetary 6 is 
connected through an output shaft 1 1 on the engine axis to a first counter drive gear 12 
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integrated with or fixed on the output shaft 1 1 . On the other hand, the carrier 63 of the 
planetary 6 is connected to a drive unit case 100 through the one-way clutch 8 which is 
locked by the reverse rotation of the engine output shaft 10. Moreover, the rotor shaft 20 of 
the generator 2 is connected through the generator brake 7 to the drive unit case 100. 

[0050] The drive motor 3 is drivingly connected to the counter gear mechanism 4 
through a counter drive gear 31 which is integrated with or fixed on a rotor shaft 30 or the 
motor shaft connected with the former. 

[0051] The counter gear mechanism 4 is constructed to include: a counter shaft 40; 
tev^ two counter driven gears 41 and 42 integrated with or fixed on the former; and a diff 
drive pinion gear 43. The counter gear mechanism 4 is drivingly connected to the output 
shaft 1 1 on the engine axis and the motor shaft 30 by causing its counter driven gear 41 to 
mesh with the counter drive gear 12 on the side of the output shaft 11 on the engine axis and 
by causing the counter driven gear 42 to mesh with the counter drive gear 3 1 on the side of 
the motor shaft 30. 

[0052] The differential unit 5 is drivingly connected to the counter gear mechanism 
4 by causing a diff ring gear 51 fixed on its diff case 50 to mesh with the diff drive pinion 
gear 43 of the counter shaft 40. Moreover, the differential unit 5 is drivingly connected to the 
wheel 9, as well known in the art. 

[0053] In the hybrid drive apparatus thus constructed, the connected relations 
among the engine 1 , the generator 2 and the output shaft 1 1 on the engine axis through the 
planetary 6 bring about the relations in speeds, as shown in Fig. 2, and the relations in 
torques, as shown in Fig. 3, among those three components. In the relations in the speeds 
shown in Fig. 2, specifically, the following relation holds among an engine speed (N E ), a 
generator speed (No), a ring gear speed (N R ) of the planetary and a ring-gear/sun-gear tooth 
number ratio (X): 

(X + 1) -N E = 4— N G + X -Nr.- 
or the engine speed (N E ): 

N E = (Jt—Ng + X -Nr)/(X + 1) — » (1) 
[0054] By increasing the generator speed (N G ) with the ring gear speed (N R ) 
corresponding to the vehicle speed being constant, therefore, the engine speed (N E ) rises 
(namely, the relation shifts from that indicated by a broken line to that indicated by a solid 
line). By setting the engine speed (N E ) to 0, the generator speed (N G ) is reversed by the X 
times of the ring gear speed (N R ) (namely, the relation shifts from that indicated by the 
broken line to that indicated by a single-dotted line). 
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[0055] In the relation in the torques shown in Fig. 3, on the other hand, the 
following relation holds among an engine torque (T E ), a generator torque (Tg) and a ring gear 
torque (T R ): 

T E : T R : T G = (X + 1) : -X : -1 (3> (2) 

With the ring gear torque (T R ) being constant, therefore, the increase in the generator torque 
(Tq) acts as a driving torque on the engine 1, but the increase in the engine torque (T E ) acts as 
a driving torque on the generator 2. 

[0056] In this drive apparatus, moreover: t he engine 1 is mainly employed for 
exhibiting the driving force for the vehicle-raft; the d*ve drive motor 3 for assisting the driving 
force; the engine 1 for driving the generator; the generator 2 for the power generation; and the 
dw edrive motor 3 for the regenerative braking. Moreover, the generator 2 is employed, too, 
for starting or stopping the engine. By adjusting the generating load of the generator 2 in the 
outputting state of the engine with respect to the ring gear 62 of the planetary 6 for receiving 
the running load of the vehicle through the differential unit 5 and the counter gear mechanism 
4, more specifically, the vehicle is enabled to run at a proper ratio utilizing the engine output 
for the driving force to the wheel 9 and for the generating energy (to charge the battery). 
When the generator 2 is caused to output the torque (for the power running) at the reverse 
rotation of the generator 2, moreover, the reaction applied to the carrier 63 of the planetary 6 
is reversed so that the power of the generator 2 can be transmitted to the ring gear 62 by 
retaining the carrier 63 on the drive unit case 100 with the one-way clutch 8. Thus, the 
driving force at the vehicle starting time is intensified (for a run in a parallel mode) by the 
simultaneous outputs of the motor 3 and the generator 2. 

[0057] In this gear train, moreover, at the engine starting time, the running load or 
the stopping load of the vehicle is applied from the wheel 9 to the ring gear 62 of the 
planetary 6 connected to the output shaft 1 1 on the engine axis and is used as a reaction to 
cause the reversely rotating generator 2 to output the torque (or to regenerate) thereby to 
drive the sun gear 61. As a result, the revolution of the pinion 64 around the sun gear 61 is 
outputted to the carrier 63 so that the engine 1 is motored. Even with the engine stopping 
while the vehicle is running, moreover, the driving force of the motor 3 or the reversely 
driving force from the wheel 9 acts on the ring gear 62 of the planetary 6 connected to the 
output shaft 1 1 on the engine axis, so that the generator is driven by the rotation of the sun 
gear 61 taking the reaction on the carrier 63 connected to the engine output shaft being 
stopped. By adjusting the engaging force of the brake 7 in this state, therefore, the carrier 63 
as the reaction element in this state can be rotated to turn the engine 1 . 
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(Control System) 

[0058] Fig. 4 is a block diagram showing a system construction of a vehicle drive 
control system for controlling the gear train. This vehicle control system is constructed to 
include: a vehicle control unit U as a main component; a shift position sensor Snl, a brake 
pedal sensor Sn2 and an accelerator pedal sensor Sn3 as input means for inputting demands 
of the driver to the vehicle control unit; various sensors (e.g., a generator rotor position sensor 
Sn4 or a drive motor rotor position sensor Sn5) as input means for inputting various pieces of 
information of the running situation of the vehicle; a battery B as a power source; a drive 
motor inverter InM as means for driving the drive motor 3; and a generator inverter InG for 
driving the generator 2. 

[0059] The vehicle control unit U is a control unit composed of a CPU, a memory 
and so on for controlling the vehicle as a whole, and is provided with an engine control unit 
Ue, a generator control unit Ug and a drive motor control unit Um- The engine control unit 
Ue is composed of a CPU, a memory and so on and is connected through a signal line L E with 
the engine 1 for sending a command signal such as a throttle opening 0 or a fuel injection rate 
so as to control the engine 1 . Moreover, the generator control unit Ug is connected through a 
signal line Lg with the inverter InG for sending a control signal to the inverter InG so as to 
control the generator 2 made of a three-phase AC electric motor (e.g., a permanent magnet 
type synchronous motor). Moreover, the drive motor control unit U M is connected through a 
signal line L M with the inverter InM for sending a control signal to the inverter InM so as to 
control the div edrive motor 3 made of a three-phase electric motor. The two inverters 
inverter InG and InM are connected through a DC power line L s with the battery B and 
through three-phase (i.e., three phases U, V and W) AC power lines L A G and L A M with the 
three-phase coils of the individual stators 21 and 34-32 of the drive motor 3 and the generator 
2. Here, reference letters Cn designate a smoothing capacitor for smoothing the DC voltage 
of the DC power line Ls by suppressing its fluctuations. 

[0060] More specifically, the inverter InG is so controlled on the basis of a PWM 
(Pulse Width Modulation) signal outputted by the generator control unit Ug to the signal line 
Lg as to convert the DC current fed from the battery B through the DC power line Ls, into 
electric currents Iug, Ivg and I W g of the individual U, V and W phases thereby to send the 
individual currents Iug, Ivg Iwg through the three-phase AC power line L A G to the three- 
phase coils of the generator 2. At the power generating or regenerating time, on the other 
hand, the inverter InG is fed with the currents Iug, Ivg and Iwg of the individual phases U, V 
and W, as generated in the three-phase coils of the generator 2, through the three-phase AC 
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power line L A G, and converts them into DC electric currents and sends the DC currents to the 
battery B through the DC power line L s . 

[0061] On the other hand, the inverter InM is so controlled on the basis of a control 
signal outputted by the drive motor control unit Um to the signal line L M as to convert the DC 
current fed from the battery B through the DC power line Ls, into electric currents Ium, Ivm 
and Iwm of the individual U, V and W phases thereby to send the individual currents Ium, Ivm 
Iwm through the three-phase AC power line L A M to the three-phase coils of the div edrive 
motor 3. At the power generating or regenerating time, on the other hand, the inverter InM is 
fed with the currents Ium, Ivm and I W m of the individual phases U, V and W, as generated in 
the three-phase coils of the drive motor 3, through the three-phase AC power line L A M, and 
converts them into DC electric currents and sends the DC currents to the battery B through 
the DC power line L s . 

[0062] Of the various sensors, moreover, a battery sensor, as indicated only by a 
signal line L B although omitted, detects the states including the battery B, i.e., a battery 
voltage (V B ), a battery current (I B ), a battery temperature and a battery residue (SOC: State 
Of Charge), and inputs these pieces of information to the generator control unit Ug and the 
drive motor control unit U M . An engine speed sensor Sn6 detects the engine speed (N E ). The 
shift position sensor Snl detects a shift position (SP) of the not-shown speed selecting-means_ 
device . The accelerator pedal sensor Sn3 detects the position of the accelerator pedal, i.e., a 
depression (AP). The brake pedal sensor Sn2 detects the position of the brake pedal, i.e., a 
depression (BP). An engine temperature sensor Sn7 detects the temperature (t E ) of the engine 
1. A generator temperature sensor Sn8 detects the temperature (t G ) of the generator 2 in 
terms of the temperature of the coil, for example. A drive motor temperature sensor Sn9 
detects the temperature (t M ) of the di^e drive motor 3 in terms of the temperature of the coil, 
for example. Moreover, the individual current sensors SnlO to Snl 2 of the three-phase AC 
power lines L A G and L A M are current sensors for detecting the current values Iug, Ivg, Ium 
and Ivm of the two in the three phases. 

[0063] Thus, this vehicle control unit U performs various the following p rocessing 
operationsr to send an engine control signal to the engine control unit Ue thereby to set the 
drive/stop of the engine 1, as will be detailed; to read the rotor position (0 G ) of the generator 
2 thereby to calculate the motor sped (Ng); to calculate the engine speed (N E ) by the 
aforementioned speed relation (1); to set the engine control unit U E with an engine target 
speed (N E *) indicating the target value of the engine speed (Ne); to set the generator control 
unit U G with a generator target speed (N G *) and a generator target torque (T G *); and to set the 
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drive motor control unit Um with a drive motor target torque (T M *) and a drive motor torque 
correction value (5Tm). 

[0064] In the present embodiment, the engine speed (N E ) is calculated by the 
vehicle control unit U but can also b^read from the engine speed sensor Sn6. Moreover, a 
vehicle speed (V) is calculated on the basis of the rotor position (0 M ) of the divedrive motor 3 
but can also be calculated on the basis the ring gear speed (N R ) of the planetary 6 or the speed 
of the wheel 9. In this case, a ring gear speed sensor, a wheel speed sensor and so on are 
arranged as the vehicle speed detecting means. 

[0065] On the other hand, the vehicle control unit U is further provided with an oil 
pressure circuit L F for controlling the oil pressure of the brake 7 of the gear train and for 
lubricating and cooling the individual portions of the mechanism, and a hydraulic control unit 
for controlling the former, but the details of those circuit and unit are omitted from the 
Drawings. 

[0066] Next, the drive control of the drive apparatus by the vehicle control unit U 
will be described with reference to the following flow charts. 
(Control Flow) 

[0067] Fig. 5 and Fig. 6 divide and show a main flow chart of the control by the 
vehicle control unit U. First of all, at At initial Step SU shown in Fig. 5, the accelerator pedal 
position (AP) is inputted from the accelerator pedal sensor Sn3, and the brake pedal position 
(BP) is inputted from the brake pedal sensor Sn2. At Step S2, the rotor position (9 M ) is read 
from the rotor position sensor Sn5 of the dive- drive motor 3 so that the vehicle speed (V) is 
calculated from the changing rate of the rotor position (0 M ). Here, the vehicle speed (V) can 
also be calculated in another embodiment, as described hereinbefore, by providing a vehicle 
speed sensor separately to-read4 t determine the vehicle speed . 

[0068] At next-Step S3, a vehicle demand torque (Tout*) is determined. In this 
processing, the vehicle demand torque (Tout*) is_preset to correspond to the accelerator 
position^ the- The brake pedal position and the vehicle speed is determined by referring to the 
vehicle demand torque map stored in the memory of the vehicle control unit U and as shown 
in the upper stage of Fig. 7, when the accelerator pedal is depressed so that the accelerator 
pedal position (AP) is inputted, and by referring the vehicle demand torque map stored 
likewise in the memory and shown in the lower stage of Fig. 7, when the brake pedal is 
depressed so that the brake pedal position (BP) is inputted. 

[0069] At subsequent Step S4, it is decided whether or not the vehicle demand 
torque (Tout*) set at the preceding Step is higher than the dive -drive motor maximum torque 
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which is rated in advance in the €&ve- drive m otor 3. If this decision holds (YES), the torque 
becomes isshort. Therefore, the routine advances to Step S9, at which it is decided whether 
or not the engine 1 is stopped. In the case of the engine stop at which the decision holds 
(YES), the driving force cannot be assisted by the engine 1 so that an abrupt acceleration 
control subroutine of Step S10 is executed. In this case, both the dive -drive motor 3 and the 
generator 2 are driven to make them run in a parallel mode, as will be detailed. 

[0070] If it is decided at Step S4 that the vehicle demand torque (Tout*) is no more 
than the drive motor maximum torque, on the other hand, the routine advances to Step S5, at 
which driver demand output (P D ) is calculated. ¥h*s -The driver demand output (P D ) is 
calculated as a product (P D = Tout* -V) of the vehicle demand torque (Tout*) and the 
vehicle speed (V). At ne^Step S6, a battery charge/discharge demand output (P B ) is 
inputted. This output is calculated on the basis of a battery residue (SOC) read from the 
signal line L B of the battery sensor. At Step S7, moreover, a vehicle demand output (Pout) is 
calculated. This vehicle demand output (Pout) is calculated as a sum (Pout = Pd + Pb) of the 
driver demand output (P D ) and the battery charge/discharge demand output (P B ). At nest-Step 
S8, the running point (i.e., an engine target torque T E * and an engine target speed N E *) of the 
engine is determined. In this processings with reference to the engine target running state 
map stored in the memory of the vehicle control unit U and shown in Fig. 8, the points (Al to 
A3, A min ), at which broken curves CI to C3 indicating the vehicle demand output (Pout) and 
the engine operating curve (i.e., a contour curve joining the running points for the highest 
efficiencies of the engine 1) at individual accelerator pedal positions (al % to a6 %) 
intersect, are determined as the running points of the engine l A f the engine torques (T E 1 to 
T E 3, T E min) at the running points are determined as the engine target torque (T E *)t and the 
engine speeds (N E 1 to N E 3, N E min) at those running points are determined as the engine 
target speed (N E *). 

[0071] R e verting to the flow chart and referring to Fig. 6 l e ading at lett e r A to Fig. 
5, it is d e cided at nest Referring to Fig, 6. a determination is made at Step SI 1 whether or not 
the engine is in the running range. This decision is made by judging-it, from the vehicle 
demand torque (Tout*) and the vehicle speed (V) determined at preceding Steps with 
reference to the engine running range map stored in the memory of the vehicle control unit U 
and shown in Fig. 9, whether or not the engine 1 is in the running range. In Fig. 9i a curve 
crossing an arrow indicating OFF -» ON is a boundary line on which the stopped engine is 
started^ a curve crossing an arrow indicating ON -> OFF is a boundary line on which the 
running range is stopped^ the intermediate region is a hysteresis region for holding the 
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stability of the control- and the side on which the vehicle speed or vehicle demand torque is 
higher than that in the hysteresis region is the engine running range whereas the lower side is 
the engine stop range. Here, the curve crossing the arrow indicating OFF — > ON for starting 
the engine is shifted the more rightward of the Drawing for the more battery residue (SOC) 
thereby to narrow the engine running range, and is shifted the more leftward for the less 
battery residue SOC thereby to widen the running range. 

[0072] If the decision of Step S 1 1 based on the map holds (YES), the routine 
advances to next Step SI 2, at which it is decided whether or not the engine is running. If this 
decision does not hold (NO), the engine 1 is not R erunning although it is in the running 
range. At Step S26, therefore, there is executed the (later-described) engine start control 
subroutine. If the engine running range decision does not holds (NO) at the stage of Step 
SI 1, on the other hand, the routine transfers to Step S24, at which it is separately decided 
whether or not the engine is running. If this decision holds (YES), moreover, the engine is 
run- running although it is in the stop range. At next Step S25, therefore, there is executed the 
(later-described) engine stop control subroutine. 

[0073] If the routine is returned to Step S12 at which the decision of the engine 
running holds (YES), the engine control subroutine is executed at Step SI 3. This processing 
is well known in the art so that the description and illustration of its specific contents are 
omitted. 

[0074] At next Step S14, the generator target speed (N G *) is determined. This 
determination is made from the vehicle speed (V: determined from the changing rate of the 
rotor position 0 M of the divedrive motor 3 in the present embodiment) and the engine target 
speed (N E *) by using the foregoing speed relation (1) of the planetary. 

[0075] At subsequent Step SI 5, it is decided whether or not the absolute value of 
the generator target speed (N G *) exceeds a first predetermined value (e.g., 500 frpm}). This 
decision is made for the later selection of ON and OFF of the generator brake so as to reduce 
the energy loss. At a low generator speed (Ng) while the vehicle is run and driven by the 
engine, specifically, the power consumption increases to lower the power generation 
efficiency of the generator 2 and to deteriorate the fuel economy of the vehicle accordingly. 
When the absolute value of the generator speed (N G ) is smaller than a predetermined value, 
therefore, the generator brake 7 is applied to stop the generator 2 mechanically thereby to 
improve the fuel economy. If this decision holds (YES), moreover, the OFF state of the 
generator brake is confirmed at next Step SI 6. If this holds, the (later-described) generator 
speed control subroutine is executed at Step SI 7. Otherwise, the routine transfers to Step 23, 
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at which there is executed the (later-described) generator brake OFF control subroutine. If 
the decision of preceding Step SI 5 does not hold, on the other hand, the ON state of the 
generator brake is confirmed at Step S21. If this confirmation does not hold, the generator 
brake ON control subroutine is executed at Step S22. If the confirmation holds, the routine 
returns to the steps after the generator speed control subroutine by Step SI 7. 

[0076] Under the execution of the generator speed control subroutine at Step SI 7, 
the drive shaft torque (T r -^ 0 ut) to be outputted through the planetary is estimated at next 
Step SI 8. This processing is executed by estimating a ring gear torque (T R ) from a generator 
torque (T G ) with the foregoing torque balance equation (2) of the planetary and by calculating 
the drive shaft torque (T r ->out) considering the counter gear ratio. 

[0077] This processing will be described in more detail. The engine torque T E , the 
ring gear torque T R and the generator torque T G receive reactions from one another, as 
described hereinbefore, so that the generator torque To is converted into the ring gear torque 
T R and is outputted from the ring gear 62. When the generator rotating speed N G and the ring 
gear torque T R fluctuate as the ring gear torque T R is outputted from the ring gear 62, the ring 
gear torque T R having fluctuated is transmitted to the wheel 9 thereby to degrade the running 
feeling of the vehicle. Therefore, the ring gear torque T R is calculated while estimating the 
torque of the inertia of the generator 2 accompanying the fluctuations of the generator speed 
N G . Therefore, the ring gear torque T R is calculated on the basis of the generator target 
torque T G * and the aforementioned gear ratio X, by calculating the ring gear torque by the 
operation of the vehicle control unit U and by reading the generator target torque T G *. 
Specifically, a sun gear torque T s to be applied to the sun gear 62 is expressed if the generator 
2 has an inertia I G and if the generator 2 has an angular velocity (or rotation changing rate) 
a G , as follows: 

T s = T G * + I G -ot G . 

And, the ring gear torque T R is expressed because it is X times as large as the sun gear torque 
T s from the relation of the gear ratio, as follows: 

T R = ^T S _ 
= X ~(T G * + I G ~ot G ). 

Thus, the ring gear torque T R can be calculated from the generator target torque T G *. This 
processing can also adopt, only when the generator brake is ON, a mode in which the ring 
gear torque (T R ) is estimated from the engine torque (T E : taught from the engine control unit) 
by using the torque balancing equation (2) of the planetary. 
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[0078] At next Step SI 9, there is determined the drive motor target torque (T M *). 
This processing is determined from the difference between the vehicle demand torque 
(Tout*) and the drive shaft torque (Tr-»out). Finally, the drive motor control is made at Step 
S20, and the series of flows are ended to return to the initial Step. If the routine transfers to 
the abrupt acceleration control of Step S10, all the subsequent Steps are skipped to return 
directly to the initial Step, as shown by symbol B. 

[0079] Next, here will be described the individual subroutines in the 
aforementioned main flow. 
(Abrupt Acceleration Control) 

[0080] First of all, in the abrupt acceleration control routine at Step S&- S10 in the 
main flow, as shown in Fig. 10, the vehicle demand torque (Tout*) determined at preceding 
Step S3 is inputted at Step SI 01, and the drive motor target torque (T M *) is set with the 
maximum torque of the drive motor at next Step SI 02. At next Step SI 03, moreover, the 
differential torque between the vehicle demand torque (Tout*) and the drive motor target 
torque (or drive motor maximum torque) (T M *) is calculated to set the shortage for the drive 
motor maximum torque as the generator target torque (Tg*). On the basis of these settings, 
the drive motor control is performed at next Step SI 04 according to the drive motor target 
torque (T M *), and the generator torque control is performed at Step SI 05 according to the 
generator target torque (T G *). 
(Drive Motor Control) 

[0081] In the drive motor control routine of Step S 1 04 of Fig. 1 0 , as shown in Fig. 
1 1, the drive motor target torque (T M *) is inputted at Step SI 04a. Moreover, the rotor 
position (9 M ) of the drive motor is inputted at Step SI 04b. These inputs may be detected with 
or without a position sensor such as a resolver. Moreover, the drive motor speed (N M ) is 
calculated at Step SI 04c. This calculation can be made in this embodiment from the 
changing rate of the rotor position (0 M ) of the drive motor. In another embodiment, a rotation 
sensor can be separately adopted for the detection. Moreover, the battery voltage (V B ) is 
inputted at Step S104d. At ftesi -next Step S104e, there are determined a d-axis current 
command value (IdM*) and a q-axis current command value (I q M*). These determinations are 
made with reference to the not- shown map from the drive motor target torque (T M *), the 
drive motor speed (N M ) and the battery voltage (V B ) inputted at preceding Steps. 
Subsequently, the three-phase AC currents (Ium, Ivm, Iwm) are inputted at Step S104f. The U- 
and V-phase current values (Ium, Ivm) are determined by using the current sensors Snl2 and 
Snl3, and the W-phase current value (Iwm) is determined from the relation of I W m = Ium - 
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Ivm. In the case of another system mode having current sensors for all three phases, it is quite 
natural that the current values are directly determined by the individual current sensors. At 
next Step S104g, there are made conversions of three phases (Ium, Ivm, Iwm) —Mo two phases 
(IdM, IqM). On the basis of these numerical values, moreover, the voltage command values 
(VdM* 5 V qM *) are so calculated at next Step S104h that the individual differences between 
(IdM, IqM) and the d-axis current command value (IdM*) and the q-axis current command value 
(Iq M *) may be reduced to 0. On the basis of these numerical values determined, at Step 
S104i, there are made conversions of the two phases (V d M*, V qM *) -»-tothree phases (Vum*, 
Vvm*, Vwm*). Finally, the voltage command values (Vum*, V V m*, V W m*) thus determined 
are subjected to pulse width modulations and are outputted as the PWM (Pulse Width 
Modulation) signals to the inverter InM at Step S104j. 
(Generator Torque Control) 

[0082] In the generator control routine of Step SI 05 of Fig. 10 . as shown in Fig. 12, 
the generator target torque (T G *) is inputted at Step SI 05a. Moreover, the rotor position (0 G ) 
of the generator is inputted at Step SI 05b. These inputs may be detected with or without a 
position sensor such as a resolver. Moreover, the generator speed (N G ) is calculated at Step 
SI 05c. This generator speed (N G ) is determined in this embodiment from the changing rate 
of the rotor position (0 G ) of the generator. In another embodiment, a rotation sensor can be 
separately adopted for the detection. Moreover, the battery voltage (V B ) is inputted at Step 
S105d. At nest-Step S105e, there are determined a d-axis current command value (IdG*) and 
a q-axis current command value (I qG *). These determinations are made with reference to the 
not-shown map from the generator target torque (T G *), the generator speed (N G ) and the 
battery voltage (V B ) inputted at preceding Steps. Subsequently, the currents (I UG , Ivg, Iwg) 
are inputted at Step S105f. The U- and V-phase current values (I UG , I VG ) are determined by 
using the current sensors SnlO and Snl 1, and the W-phase current value (I W g) is determined 
from the relation of I W g = Iug -Ivg. In the case of another system mode having current 
sensors for all three phases, it is quite natural that the current values are directly determined 
by the individual current sensors. At next Step S105g, there are made conversions of three 
phases (Iug, Ivg, Iwg) -Hotwo phases (IdG, IqG)- On the basis of these numerical values, 
moreover, the voltage command values (V dG *, V qG *) are so calculated at next Step S105h 
that the individual differences between (I dG , I qG ) and the d-axis current command value (IdG*) 
and the q-axis current command value (IqG*) may be reduced to 0. On the basis of these 
numerical values determined, at Step S105i, there are made conversions of the two phases 
(V dG *, V qG *) AtcLthree phases (V UG *, V V g*, V W g*)« Finally, the voltage command values 
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(Vug*, Vvg*> Vwg*) thus determined are subjected to pulse width modulations and are 
outputted as the PWM (Pulse Width Modulation) signals to the inverter InG at Step S105j. 
(Generator Speed Control) 

[0083] Next, here will be described the generator speed control routine of Step S17 
of Fig. 6. Fig. 13 shows a flow of the generator speed control routine. In this flow, the input 
of the generator target speed (N G *) is inputted at first Step SI 7a. Moreover, the generator 
speed (N G ) is inputted at Step SI 7b. Then, the generator target torque (T G *) is determined at 
Step SI 7c. This generator target torque (T G *) is determined by the PI control (in which the 
generator target torque (T G *) is made the larger considering its plus and minus for the larger 
difference between the generator target speed (N G *) and the generator speed (N G ) inputted at 
preceding Steps). On the basis of the generator target torque (T G *) thus determined, the 
generator torque control is made at next Step S17d. The contents of the generator torque 
control of this case are similar to those described in the preceding generator torque control 
routine. 

(Generator Brake ON Control) 

[0084] Next, here will be described the generator brake ON control routine at Step 
S22 of Fig. 6. Fig. 14 shows is_a flow chart of the generator brake ON control routine. In 
this flow chart , the generator target speed (N G *) is set with 0 rpm at first-Step S22a. 
Moreov e r, the The g enerator speed control is then executed at Step S22b. The contents of 
this control are similar to those described in the preceding generator speed control routine. 
At next Step S22c, there is estimated the drive shaft torque (T r -^ G ut) which is outputted 
through the planetary. At Step S22d, moreover, the drive motor target torque (T M *) is set 
with the estimated drive shaft torque (-Tr->out). Thus, the drive motor control is executed at 
next Step S22e. The contents of this control are similar to those described in the preceding 
drive motor control routine. In the controls from Step S22c to Step S22e, the drive shaft 
torque (T R — »out) to be outputted from the generator through the planetary is se-negated by 
the drive motor while the generator speed control is being executed at Step S22b that it may 
not be transmitted as shocks to the wheel. Under this control, it is decided at Step S22f 
whether or not the absolute value of the generator speed (N G ) is less than a second 
predetermined value (e.g., 100 frpm}). So long as this decision does not hold, moreover, the 
loop returning to Step S22b is repeated. When the decision of Step S22f holds, moreover, the 
routine advances to Step S22g, at which the generator brake is turned ON. 

100851 With the generator brake being ON, the drive shaft torque (T r ~>out) to be 

outputted through the planetary is estimated at Step S22h, and the drive motor target torque 
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(T M *) is set with the estimated drive shaft torque (-T r ->out) at Step S22i. Thus, the drive 
motor control is executed at next Step S22j. The contents of this control are similar to those 
described in the preceding drive motor control routine. In the controls from Step S22h to 
Step S22j, too, the drive shaft torque (Tr-^out) to be outputted from the generator through 
the planetary is se-negated by the drive motor while the generator speed control is being 
executed at Step S22b that it may not be transmitted as shocks to the wheel. Under this 
control, it is decided at Step S22k whether or not a predetermined time has elapsed with the 
generator brake being ON. This timer decision is made as the standby time tiH -until the 
rotation of the generator is actually stopped by the generator brake ON. When the rotational 
stop of the generator is thus warranted, the SW (Switching) of the generator is stopped at next 
Step S221, and this routine is ended and returned. 
(Generator Brake OFF Control) 

r0086 0086 0085 1 Next, here will be described the generator brake OFF control 
routine at Step S23 of Fig. 6. Fig. 15 shows a flow chart of the generator brake OFF control 
routine. In this flow chart , the correspondence to the engine torque (T E ) is set with the 
generator target torque (To*) at Step S23a, and the generator torque control is accordingly 
made at Step S23b. In this state, moreover, the drive shaft torque (T R — »out) to be outputted 
through the planetary is estimated at Step S23c, and the drive motor target torque (T M *) is set 
with the estimated drive shaft torque (-T r ->out) at next-Step S23d. According to this, the 
The drive motor control is then executed at Step S23e. The contents of this control are 
similar to those described in the preceding drive motor control routine. 

[00871 In the controls from Step S23c to Step S23e, the drive shaft torque 

(Tr-^out) to be outputted from the generator through the planetary is se-negated by the drive 
motor while the generator speed control is being executed at Step S23b that it may not be 
transmitted as shocks to the wheel. Till it is decided at Step S23f that Until a predetermined 
time has elapsed as determined at Step S23f , the routine returns to the generator torque 
control of Step S23b, and the subsequent operations are repeated. When it has been 
determined that the predetermined time elapsed before long so that the lapse decision of at 
Step S23 f holds , the routine advances to next Step S23g, at which time the generator brake is 
turned OFF. At subsequent Step S23h, the generator target speed (Ng*) is set wi th to 0 rpm. 
At Step S23i, the generator speed control is executed, The contents of this control are similar 
to those described in the preceding generator speed control routine. While the generator 
speed control isbeing thus-made, the drive shaft torque (T r -»out) to be outputted through the 
planetary is estimated at Step S23j, and the drive motor target torque (T M *) is accordingly set 
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at Step S23k with the estimated drive shaft torque (-T R — »out). Finally, the drive motor 
control is executed at Step S231. The contents of this control are similar to those described in 
the preceding drive motor control routine. In the controls from Step S23j to Step S231, the 
drive shaft torque (Tr^out) to be outputted from the generator through the planetary is so 
negated by the drive motor while the generator speed control is being executed at Step S23j 
that it may not be transmitted as shocks to the wheel. When the drive motor control state is 
thus established, this routine is ended and returned. 
(Engine Stop Control) 

[0088 0088 0086 1 Next, here will be described the engine stop control routine at 
Step S25 of Fig. 6. Fig. 16 shows a flow chart of the engine stop control routine. In this 
control, it is decided at first Step S25a whether or not the generator brake is OFF. If this 
decision does not hold, the generator brake OFF control is made at Step S25b to bring the 
generator into a rotatable state. At Step S25c, moreover, there are performed the operations 
to inject the fuel into the engine and to stop the ignition. Moreover, the throttle opening is 
fully closed at Step S25d, and the generator target speed (Ng* = 0)is determined at Step S25e 
so as to stop the engine promptly. According to this decision, moreover, the generator speed 
control is made at Step S25f. At Step S25g, moreover, there is estimated the drive shaft 
torque (T R — >out) which is outputted in this state through the planetary. At Step S25h, 
moreover, the drive motor target torque (T M *) is set with the estimated drive shaft torque (- 
Tr— >out). Moreover, the drive motor control is made at Step S25i. The contents of this 
control are also similar to those described in the preceding drive motor control routine. In the 
controls from Step S25g to Step S25i, the drive shaft torque (T r -> 0 ut) to be outputted from 
the generator through the planetary is so negated by the drive motor while the generator 
speed control is being executed at Step S25f that it may not be transmitted as shocks to the 
wheel. When it is decided at Step S25j that the engine speed (N E ) <- is less than or equal to 
the stop speed, the SW (Switching) of the generator is stopped at Step S25k, and this routine 
is ended and returned. 
(Engine Start Control) 

[0089 0089 0087 1 Next, here will be described the engine start control routine at 
Step S26 of Fig. 6. Fig. 17 shows a flow chart of the engine start control routine. In this 
control, the operation to set the throttle opening to a default of 0 % is performed at first. For 
this, the throttle opening = 0 % is decided at first Step S26a. If this decision is not satisfied, 
the throttle opening is set to 0 % at Step S26b by the output of the engine control unit Ue. 
Under this condition satisfied, moreover, the vehicle speed (V) is inputted at Step S26c. 
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Next, the running point (e.g., the engine target torque T E *, the engine target speed N E *) of the 
engine is inputted at Step S26d. In order that the rotationally stopped engine may be 
positioned at a predetermined crank-shaft position, moreover, the prepositioning control 
according to the gist of th e present invention is made at next Step S26e. These contents will 
be described in detail. Next, the generator target speed (N G *) is determined at Step S26f. 
Subsequently, it is decided at Step S26g whether or not the engine speed (N E ) ^is greater 
than or equal to the starting speed. TMs- If this decision does not hold at first, and the routine 
transfers to Step S26h, at which the generator speed control is executed to raise the engine 
speed. In order to negate the resultant fluctuations of the drive shaft output torque, the (later 
described) fluctuating torque negating control is made at Step S26i, and the routine returns to 
the Step S26c to input the vehicle speed (V). Thus, If the decision of Step S26g holds so that 
it is confirmed that the conditions for the engine speed are satisfied. At Step S26j, the fuel is 
then injected to the engine, and the ignition is started. After this, th e re ar e mad e the generator 
speed control at Step S26k and the (later described) fluctuating torque negating control at 
Step S261 is performed . Moreover, the throttle opening is adjusted at Step S26m. At next 
Step S26n, the engine start is confirmed by deciding whether or not the generator torque (T G ) 
<- is less than the motoring torque. After this, at final Step S26o, it is decided whether or not 
a predetermined time for waiting the stability of the engine speed has elapsed. When this 
decision holds, this routine is ended and returned. 
(Prepositioning Control) 

[0090 0090 0088 1 Next, here will be described a prepositioning control during the 
engine start control according to the gist of tothe pr e sent invention. The engine start in the 
preceding engine start control is effected by causing the generator 2 to output a sufficient 
torque for running the engine 1 continuously (i.e., the control of Step S26h shown in Fig. 17), 
by deciding that the predetermined speed (e.g., the idling speed) is reached (i.e., the decision 
of Step S26g shown in Fig. 17), and by starting the fuel injection / the ignition (i.e., at Step 
S26k shown in Fig. 17). In this case, the drive shaft torque (Tr^out) to be outputted through 
the planetary by the speed control of the generator 2 is expressed by: 

Tr^out = (Tq - Ig — g>g) 

where: 

TC: is the Counter Shaft Torque^ 

Tg: is the Generator Torque^ 

Ig: is the Generator Inertia^ 

cog: is the Generator Angular Acceleration^ 
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and 

a: is the Gear Ratio Considering Planetary and 
Counter. 

By correcting and outputting the aforementioned correspondence to the torque by the drive 
motor 3, it is possible to negate the torque fluctuations of the drive shaft. A drive motor 
correcting torque of this case is expressed by: 

AT M = Tout* -Tr->out, 

where: 

Tout*: is the Vehicle Demand Torque. 

[0091 0091 0089 1 The generator angular velocity co G of the aforementioned case 
fluctuates with the engine rotating load. For detecting the angular velocity, therefore, there 
are necessary highly precise generator rotor position detecting means devices and a processor 
capable of processing the result at a high speed. In order to eliminate this necessity, 
according to the present invention, the crank-shaft position control for positioning the engine 
1 being fuel-cut at a predetermined cranking starting position is made by the vehicle control 
unit U by motoring the generator 2. 

r0092 0092 0090 1 Fig. 1 8 shows the relation between the crank angle of a four- 
cylinder engine and a cranking torque schematically. This relation is determined mainly by 
synthesizing the relations (in which symbols O, □, A and X indicate the torques of individual 
cylinders) between the strokes of the pistons in the individual cylinders and the 
expansion/compression of the combustion chamber volume, as well known in the art. In the 
relations, the cranking torque increases, when the compression advances in a specific 
cylinder, and decreases when the top dead center is passed. In the actual cranking load, 
however, once the rotation of the engine starts, the inertia torque acting at first as the rotation 
resistance but acts, when the flywheel inertia occurs, as an element to suppressing the torque 
fluctuations. Therefore, the torque is characterized to grow extremely high at the rising time 
of the rotation but then to take a lower substantially constant value although having its with a 
few fluctuations. Due to the dispersion of the crank angle determined by the state in which 
the engine is stopped, therefore, th e r e highly fluctuat e s the cranking load for raising the 
rotation at the beginning of the crankin g has high fluctuations . 

10093 0093 0091 1 With a view to making substantially constant To make the 
cranking load for causing the initial rise of rotation at the aforementioned cranking, 
substantially constant, therefore, the gist of th e present invention resides in that the control to 
rotate the engine having stopped or to stop at the circled A position (indicating the general 
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position to be naturally taken at the engine stop time because the rotation load is near 
substantially 0) to the circled B position (indicating the position which cannot be usually 
taken when the rotation load is so high that the engine naturally stops but which is not always 
limited to the close vicinity before the torque position is at the minimum necessary for 
causing the engine to continuously run over the first peak load, as indicated by a broken line), 
that is, the control (as termed herein as the "crank-shaft position control") is made prior to the 
cranking. With this gist, the prepositioning control, at which the pres e nt invention aims, is 
made in the state where none of the fuel injection and ignition of the engine and the 
adjustment of the throttle opening is done no matter whether the engine is being stopped or 
rotated. Therefore, the "engine being stopped in running", as termed in the present invention, 
implies the aforementioned state but does not always imply the engine being stopped in 
rotation. 

[0094 0094 0092 1 Fig. 19 shows a time chart of the control of a first embodiment 
of the prepositioning control. According to this embodiment, before the cranking torque (T G 
c) is outputted to the generator, the crank-shaft position adjusting torque (T G p) is outputted 
to rotate the engine discontinuously from the A position to the B position, as specified 
hereinbefore, thereby to make the crank-shaft position control to the predetermined cranking 
starting position. This predetermined cranking starting position may be located, as will be 
described hereinafter, at a predetermined crank angle position by detecting it, may be 
warranted by a lapse of a constant time period by multiplying a predetermined torque lower 
than the torque necessary for starting the engine, or may combine them. Along with this, the 
output shaft torque fluctuation is prevented by causing the motor to output the torque which 
is calculated by subtracting a negating torque (T M p) for reducing the generator torque 
component to 0 on the output shaft from the drive torque (i.e., the aforementioned vehicle 
demand torque Tout*) necessary for the vehicle to run. Here, only the torque of this 
correction is indicated as the drive motor torque. 

[0095 0095 0093 1 After the crank-shaft position was thus set at the B position, the 
routine then transfers to Step S26f, at which the generator is caused to output a cranking 
torque (T G c) sufficient for rotating the engine continuously, thereby to effect the engine start. 
In this case, too, the output shaft torque fluctuation is prevented by outputting the torque (T M 
c) for correcting the cranking torque to the drive motor. 

[0096 0096 009 41 By this control, the drive shaft torque slightly fluctuates at the 
beginning of the cranking, as indicated by a solid curve, but can be suppressed lower at its 
peak value than the torque fluctuation of the cranking case from the A position, as indicated 
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by a broken curve. This fluctuation is caused by the fluctuation of the cranking torque of the 
engine according to the crank angle, as shown in Fig. 18. Where especially the B position is 
set extremely close to this side of the peak load level, as indicated by a broken curve in Fig. 
18, the cranking torque (T G c) output according to that high torque load is high from the 
beginning so that the rise of the engine speed from the shown B position is quickened to 
shorten the time period for the torque fluctuation to occur. 

[0097 0097 0095 1 Fig. 20 shows a flow chart of the case in which the 
aforementioned operations are done by a timer control. In this prepositioning control, the 
generator target torque (T G *) is set with an arbitrary constant torque at Step S26e-1. The 
constant torque of this case is exemplified by 1.5 [Nm], i.e., a torque lower than that 
necessary for starting the engine. According to this setting, a generator torque control similar 
to the aforementioned one is made at Step S26e-2, and a fluctuating torque negating control is 
made at Step S26e-3. One pattern for the fluctuating torque negating control of this case is 
shown in a flow chart in Fig. 21. In this fluctuating torque negating control routine: the drive 
shaft torque (Tr^out) to be outputted through the planetary is estimated at first Step S26er3 1 
by a method similar to the aforementioned one; the drive motor target torque (T M *) is set at 
Step S26e-32 with the torque for negating that torque simply, i.e., -T R — >out; and the drive 
motor control having contents similar to the aforementioned ones is accordingly executed at 
Step S26e-33. Reverting to Fig. 20, the decision on a predetermined time is thus made at 
final Step S26e-4. The predetermined time of this case is exemplified by 0.3 seconds. Here, 
the correction torque to be set in the aforementioned drive motor target torque (T M *) can be 
set by the calculation, as described hereinbefore. In another method, however, the map of the 
correction torque in the drive motor, as corresponding to the generator torque adjusted to an 
arbitrary constant torque, as shown in Fig. 22, could be set in the memory of the vehicle 
control unit U and used to set the correction torque. 

[0098 009 8 0096 1 Fig. 23 is a flow chart showing the control contents of a second 
embodiment in which the aforementioned timer control is replaced by a detection of the 
crank-shaft position. The arbitrary constant torque to be set at first Step S26e-1 of this 
prepositioning control routine need not be necessarily made lower than the torque for the 
motoring but can be set to a higher value, e.g., 5 {Nm} than that of the foregoing first 
embodiment. Moreover, the fluctuating torque negating control of Step S26e-3 of this case 
can adopt either of the two patterns as in the case of the foregoing first embodiment. Various 
sensors can be used for deciding the predetermined crank-shaft position at final Step S26e-5. 
For example, it is possible to use a sensor having a high resolution and capable of detecting a 
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detailed crank-shaft position, or a sensor exemplifying a detector which is prepared by 
forming corrugations or notches according to the rotation of the crank-shaft on the 
circumference of a disc-shaped detector Sn21 or Sn22 for rotating synchronously with the 
crank-shaft, as shown in Fig. 24 or Fig. 25 (in which the corrugations or notches are formed 
at an interval of 1 80 degrees according to a four-cylinder engine having two predetermined 
crank-shaft positions for one rotation of the crank-shaft). Another method can be exemplified 
by a method for determining the speed signal from the engine by integrating it, or a method 
for determining the engine speed from the speeds of the generator and the drive motor by 
using the speed equation (1) of the planetary and by integrating it. 

[0099 0099 0097 1 Next, Fig. 26 is a flow chart showing the control contents of the 
prepositioning control of a third embodiment. In this embodiment, premising the use of a 
sensor having a high resolution and capable of detecting a detailed position, as described 
hereinbefore, a crank-shaft position (9) is inputted at first Step S26e-6, and a time (t) till a 
predetermined crank-shaft position is reached is calculated at next Step S26e-7. The time (t) 
of this case can be either set in the memory of the vehicle control unit U as a map of the 
relation of the time (t) to the crank-shaft position (G_-£degrees}), as shown in Fig. 27, or 
determined by calculations. The arbitrary torque to be set to the generator target torque of 
next Step S26e-1 is exemplified by 5 £Nm} as in the foregoing case of the second 
embodiment. In this case, the decision of the crank-shaft position is made by deciding the 
lapse of the time (t) at final Step S26e-8. The remaining Steps are similar to those of the 
foregoing first and second embodiments. 

[0100 0100 0098 ] Next, Fig. 28 is a flow chart showing the control contents of the 
prepositioning control of a fourth embodiment. In this embodiment, unlike the foregoing 
three embodiments, the torque for setting the crank-shaft position is made variable. In the 
case of this embodiment, the crank-shaft position (0) is inputted at first Step S26e-6 as in the 
preceding third embodiment. At next Step S26e-9, however, the generator target torque 
(T G *) is set according to the crank-shaft position. This setting is made by setting the map of 
the generator target torque (T G *), as made variable along the cranking torque (as referred to 
Fig. 18), as shown in Fig. 29, in the memory of the vehicle control unit. The fluctuating 
torque negating control of this case can be corrected not only according to the 
aforementioned flow chart of Fig. 20 but also separately by a first torque correcting map, as 
shown in Fig. 29. This first torque correcting map is one for the drive motor target torque 
(T M *) which simply negates the generator target torque (T G *) by a variable torque map while 
considering the gear ratio. 
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[0101 0101 0099 1 Here in the engine start control of the first embodiment, the 
engine after the prepositioning control is motored by the speed control (as referred to Step 
S23k of Fig. 17) of the generator. Even at the same generator speed, however, the generator 
output is different depending upon the temperature. This diff e rent difference m ay be unable 
te -not be corrected even if the torque negating the fluctuating torque during the motoring is 
mapped. In order to solve this problem, th e re is n e cessary a complicated control such as a 
separate temperature correcting control is necessary . 

[01021 In a next fifth embodiment showing its flow as shown in Fig. 30, therefore, a 

more precise torque correction is expected in a simple control by motoring in the torque 
control of the generator and by mapping the corresponding negating torque. 

[OWOj — The difference between the engine start control routine shown in Fig. 30 and 

the engine start control routine shown in Fig. 17 resides essentially in the difference of the 
torque control from the aforementioned speed control of the generator. By designating the 
corresponding steps by similar step numbers, therefore, the description will be directed to 
only the differences but not to the common portions. The contents of the generator torque 
control of Steps S26q and S26s in this embodiment are similar to those described before with 
reference to Fig. 12. The fluctuating torque negating controls of Steps S26r and S26t have 
the following correction patterns, although the foregoing correction method shown in Fig. 21 
is the first correction pattern (as will be called the "ordinary correction pattern"). 

[0104 010 4 0101 1 A second correction pattern is one according to the generator 
torque negating map, th e flow of which is as shown in Fig. 31. In this pattern, as shown in 
Fig. 32, the drive motor control is made by determining the generator torque to occur at the 
motoring time experimentally by the speed control of the generator, by mapping the drive 
motor target torque (T M *) to negate the generator torque simply and by setting the drive 
motor target torque (T M *). 

[0105 0105 0102 1 A third correction pattern is a correction by the ordinary 
correction pattern and drive shaft torque fluctuation negating map according to the crank- 
shaft position, as shown in Fig. 33. Therefore, this correction pattern premises th e use of uses 
the sensor having a high resolution and capable of detecting a detailed position. For deciding 
the drive motor target torque (T M *) in this pattern, there is used not only isjhe correction by 
the ordinary calculation used but also the drive shaft torque negating map shown in Fig. 34 or 
Fig. 35. In this map, the drive motor target torque (T M *) is set with respect to the crank-shaft 
position (9^-[degrees}), thereby to negate the cranking torque which fluctuates according to 
the crank angle indicated by the output shaft torque (in a solid curve) in Fig. 19. Esp e cially 
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As shown t he map shown in Fig. 35. has-a setting including the torque fluctuation at the 
engine ignition time is shown , and the fluctuation of the drive shaft torque can be eliminated 
substantially completely by that correction. 

[0106 0106 0103 1 A fourth correction pattern is a combination of the correction 
by the generator torque negating map and the correction by the drive shaft torque negating 
map according to the crank-shaft position, as shown in Fig. 36. The drive motor target torque 
(T M *) of the torque correction map by this correction, as shown in Fig. 37, is set as a sum of 
the torque values referring to the map shown in Fig. 32 and the map shown in Fig. 34. 

r0107 0107 010 41 Next, the engine start control routine of Fig. 38 shows a sixth 
embodiment, in which an operation to inhibit the prepositioning control is added when the 
vehicle demand torque is higher than that of the foregoing engine start control routine shown 
in Fig. 17. In this control mode, the input of the vehicle demand torque (Tout*) of Step S26u 
is added after the input step of the vehicle speed (V), and the decision of Step S26v on the 
vehicle demand torque (Tout*) ^~ is less than or equal to a predetermined torque is added 
after the input of the running points of the engine. If this decision does not hold, the flow 
skips the p repositioning control is skipped . The remaining flow chart is similar to that of the 
engine start control routine of the first embodiment shown in Fig. 17, the description will be 
omitted by designating the corresponding steps by similar step numbers. 

[0108 0108 0105 1 In the foregoing individual embodiments, the prepositioning 
control has been made as a pretreatment for the engine start but may also be made as an after- 
treatment at the engine stopping time. Next, Fig. 39 is a time chart showing a seventh 
embodiment for this treatment. In this embodiment, the engine being run in the fuel cut state 
is controlled to be quickly stopped quickly by causing the generator to absorb the torque. In 
this case, too, the drive motor is caused to output the correction torque to reduce the generator 
torque to 0 on the output shaft. As a result, the engine is abruptly decelerated from the idling 
run so that the fluctuation of the output shaft torque is caused at a speed just before the stop 
by the torque fluctuation. However, this fluctuation continues from the running state so that 
it is as low as the torque fluctuation at the beginning of the cranking of the preceding first 
embodiment. When the engine speed thus comes substantially to 0, the engine position 
adjusting torque (T G p) is outputted in the discontinuous run to move the engine position from 
the A position to the B position. In this case, too, a correction is made to reduce the generator 
torque to 0 on the output shaft by adjusting the drive motor torque output (T M p). Depending 
on the subsequent running state, the torque in the reverse direction to the A position may act 
on the crank-shaft of the engine which has thus stopped at the B position. However, the 
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reverse run of the engine 1 is blocked by the engagement of the one-way clutch 8 and can be 
held at that position. In this embodiment, therefore, an excessive power consumption can be 
prevented, because the torque need not be continuously applied by the generator 2 so as to 
hold the engine 1 at the cranking position. 

[ 0109 0109 0106 1 Fig. 40 is a flow chart showing the control contents described 
above. In the engine stop control routine of this case, the engine stop control routine of Step 
S25 in the first embodiment is partially replaced by a prepositioning control. Specifically, 
Steps S25g to S25i of the portions relating to the drive motor control are replaced by the 
fluctuating torque negating control of Step S251, and a prepositioning control step of Step 
S25m is added before the final Step S25k. The torque correction pattern in the fluctuating 
torque negating control of this case can be exemplified by an ordinary correction pattern as in 
the case of the first embodiment. Moreover, the torque correction pattern in the 
prepositioning control can also be exemplified by an ordinary correction pattern as in the first 
embodiment. In addition, there can be conceived as at the start control time the various 
patterns, the description of which will be omitted because they are basically similar to those 
of the method for executing the correction before the engine start. 

[0110 0110 0107 1 According to this control mode, the crank-shaft position control 
prior to the engine start is not required so that a quick response for starting the cranking of the 
engine directly at an arbitrary timing can be made even in case the drive demand of the driver 
changes just after the engine stop. Moreover, the torque vibrations in this case can be 
reduced like the case of the first embodiment by the crank-shaft position control made in 
advance at the engine stop time. 

r 0111 0111 0108 1 Finally, Fig. 41 to Fig. 43 are time charts showing the actual 
measurements comparing the engine start of the prior art and the engine start control 
accompanied by the prepositioning control according to the present invention, so as to verify 
the effects of the prepositioning control according to the present invention. All these time 
charts illustrate the data in the vehicle stop state with a view to preventing the complicated 
waveforms to facilitate the references. In the engine start without the prepositioning control, 
as shown in Fig. 41, the motoring by the generator abruptly starts (as referred to the changes 
in the generator torque and the generator speed from 2.8 sees.) so that the crank-shaft 
vigorously rotates till the compression stroke end (as likewise referred to the torque peak of 
3.2 sees.) of the highest load. After this, the motoring gradually proceeds so that the rotation 
of the generator is caused to drop at an instant (as referred to the position of 3. 1 sees.) by the 
bounce from the damper. As a result, the difference between the generator target speed and 
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the actual generator speed grows so large as to establish a state in which the actual generator 
speed follows the target value. As a result, the generator speed abruptly rises. It is found that 
the rise causes a high torque fluctuation on the drive shaft (as referred to the rising gradient of 
the drive shaft torque of 3.1 sees, to 3.2 sees.). After this, the torque is irregularly disturbed 
to fluctuate without converging for a long time. 

[ 0112 0112 0109 1 According to the prepositioning control at the engine starting 
time, as shown in Fig. 42, according to the pr e s e nt invention, on the other hand, it is found 
that the crank-shaft position control starts near 3.7 sees, (as referred to the change in the 
generator torque) and ends near 4.1 sees., and that the cranking is started from that position 
so that the fall of the generator speed is suppressed to a remarkably small value in the vicinity 
of 4.3 sees. As a result, the torque fluctuation to occur in the drive shaft torque is effectively 
reduced. Moreover, no subsequent disturbance occurs in the torque fluctuation of the drive 
shaft. 

[0113 0113 0110 1 According to the prepositioning control at the engine stop time, 
as shown in Fig. 43, according to the pres e nt invention, it is found that the crank- shaft 
position control to start near 15.3 sees, is substantially n e gligibly small with respect to the 
occurrence of the drive shaft torque fluctuation by the preceding engine stopping operation. 

[0114 011 4 0111 1 Although the present invention has been described in detail in 
connection with the various embodiments, it should not be limited to the embodiments but 
could be practiced in various specific manners within the scope of the claims. For example, 
the second embodiment, in which the prepositioning control is made at the engine stop time, 
could be constructed such that the prepositioning control is made at a suitable timing after the 
engine stop. The timing of this case is proper for the engine position control without giving 
any physical disorder to the driver, if it is made to the instant when the drive torque change is 
controlled for the accelerator manipulation or brake manipulation for the driver to change the 
drive demand. Moreover, the application of the invention has been described by enumerating 
the hybrid drive apparatus using the engine and the electric motor as its power source. 
However, the application of the present invention should not be limited thereto but could be 
employed a system for stopping/starting the engine automatically so as to prevent the 
unnecessary idling when the vehicle stops. 
INDUSTRIAL APPLICABILITY 

[0112] — A s h as bee n d e scrib e d h e reinb e for e, t h e d riv e apparatus according to th e 

pr ese n t inv e ntion is suitably u se d as a drive apparatus for various automobiles mounting an 
e ngin e and an electric motor. 



